INTRODUCTION
Microbes (i.e., bacteria) are around us everywhere, in the soil, in our homes and on our skin! We also use microbes in our everyday lives. They are important in making certain foods (e.g., cheese and bread), keeping our environment clean (e.g., waste water treatment and bioremediation), and producing pharmaceutical and industrial products (e.g., antibiotics, hormones, and enzymes). However, our current understanding only begins to scratch the surface of the complexity of microbes that share our world.
With the help of new technologies, we are learning that the microbes that share our world and inhabit our bodies play a remarkable role in our personal health and perhaps our individuality. The microbes that live on or within our bodies make up our microbiota. Scientists and clinicians are working to understand how a person's microbiota impacts personal health and how disruptions of our microbiota may contribute to disease. In 2007, the National Institutes of Health launched an initiative, the Human Microbiome Project, to collect data and support the development of analysis tools that will help scientists uncover the connections between our microbiota and human health (Turnbaugh et al., 2007) .
Identifying all of the microbes on a person's body and capturing a snapshot of their microbiota is a daunting task. The human body is made up of ~10 trillion cells and it's estimated that we are inhabited by 100 trillion microbes. Historically, this has been done by growing and identifying each bacteria, which is time consuming, expensive and perhaps impossible
Infants born naturally versus via cesarean section have quite different microbiota. These differences correlate with increased incidence of diseases, such as obesity, asthma, and allergies in infants born via cesarean section (Dominguez-Bello et al., 2010; Neu & Rushing, 2011) .
Scientists have found a link between microbiota and autism spectrum disorders using a mouse model for the disease. Interestingly, they also found that specific probiotics may decrease the severity of autistic behavior (Hsiao et al., 2013) .
Certain gut microbiota in male mice promote high testosterone levels, which correlates with protection against type 1 diabetes. Further, transfer of these microbes to female mice resulted in increased testosterone levels and conferred similar protection against the disease (Markle et al., 2013) . for some species that are not easily cultured. However, scientists have found that by studying the microbiome, or the microbial DNA isolated from a person's microbiota, we can get closer to identifying all of the microbes present. This method of analyzing the DNA, or genomes, associated with a sample is referred to as metagenomics.
Dr. Rob Dunn, a researcher at North Carolina State University, uses a citizen science approach of metagenomics data collection to gather information on the diversity of microbial communities found on individuals. His research group has analyzed samples from hundreds of belly buttons, armpits, and homes (http:// yourwildlife.org/). By recruiting participation from people and classrooms across the United States, they have accumulated extensive data sets on the diversity of personal microbiomes. In this activity, we focus on the data set of swabs from belly buttons. Take a look at the project website (http://navels.yourwildlife.org/) and his research publication to learn more (Hulcr et al., 2012) . Dr. Dunn's group found similarities and differences in the types and distribution of microbes across more than 250 individuals tested, but there is still much to learn. Through this activity, you will use the metadata, or data describing information about each of the samples within the data set (e.g., innie/outie, gender, age), to design and test your own hypothesis about what makes us unique down to our microbes. REFERENCES Dominguez-Bello, M. G., Costello, E. K., Contreras, M., Magris, M., Hidalgo, G., Fierer, N., & Knight, R. (2010 In this activity, you will work directly with Dr. Dunn's data to test your own hypothesis and discover differences in the microbial communities on people's belly buttons. This data set includes the identity of bacteria present in each subject's belly button and information on the subject's location, washing habits, and other variables (metadata). You will be guided through developing a hypothesis and using this data set to evaluate if your hypothesis is supported or refuted. This is a unique opportunity to work with real data and possibly uncover a novel scientific finding! 2) Analyze the Belly Button Biodiversity project data using Phinch.org to evaluate whether your hypothesis is supported or refuted by the microbial diversity found on individuals tested. Work with the different visualization tools and use your judgment in choosing which you think best renders the data to evaluate your hypothesis.
3) Present your findings and conclusion to the class or instructor. Your instructor will indicate whether the final project will be a presentation to the class or turning in a written report. Uploading the data file onto Phinch.org:
1. Obtain the Belly Button Biodiversity project metagenomics data file from your instructor (BellyButtonDunn.biom) 2. Open www.phinch.org (works with Chrome browser) 3. Drag-and-drop or Load the BellyButtonDunn.biom file when prompted on the website homepage 4. Once loaded, you should see a screen similar to the following:
Exporting or capturing charts/graphs/figures from Phinch.org:
The following approach can be used for capturing charts/graphs/figures by screen capture on PCs.
1. Display the chart/graph/figure you would like to capture on your computer screen. 2. Find and press the 'Print Screen' key on your keyboard (this saves a copy of your screen to your computer's clipboard as an image). a. This key may appear as [PrntScrn] , [PrtScn] , or other shortened version. b. This key may be both Print Screen and another function (e.g., 'End' or 'SysRq') and may require holding the 'Function' key [Fn] when pressing the 'Print Screen' key. 3. In the program of choice, use the 'Paste' function ([Ctrl] [v] will work on PCs). Drawing from your answers above, develop a hypothesis that is more specific than your initial question. Your hypothesis should be a statement. It should clearly communicate a prediction about the nature of microbiota on the belly button.
A fun example: The most common bacteria on belly buttons from Raleigh, NC are shaped like wolves.
To answer this hypothesis, you would need to use the data from the study to identify the most common bacteria in Raleigh, NC samples and then do background research to find the shape of this organism.
Spoiler -this hypothesis is refuted (not supported) by the data.
Your specific hypothesis: 
PRESENTATION:
Prepare a presentation ~10 minutes in length (i.e., about 6-9 slides). Design your slides to cover each of the topics indicated in the outline above. Practice your presentation without an audience to gauge how much time it takes.
REPORT:
Prepare a paper of about 2-3 pages in length. Your paper should not be separated into sections based on the topics indicated in the outline above, but be sure to include the content from each topic. Your instructor will indicate the expected format. We wash our hands to remove them.
We use antibiotics to kill them.
-How do these practices affect our microbiota? - 
/5
Conclusions & limitations (20 points)
• Analyze and interpret metagenomics data to compare microbiota and evaluate a specific hypothesis 6 7 9 1 0 -Draws a fair conclusion from the data and states if the hypothesis is supported or refuted.
/10
6 7 9 10-Balanced discussion of the limitations of the data in drawing a conclusion. What could have strengthened your conclusions?
Model & future directions (25 points)
• Synthesize a conceptual model as to why microbial populations vary 10. Indicate whether the statement below is true or false:
Using a metagenomics approach recovers living organisms from the samples.
True False
Bacterial species can be identified by the sequence of their ribosomal 16S gene.
The DNA of many organisms (e.g., animals, plants, bacteria) may be present in the swab sample from a belly button. What is a microbiota?
the "community" of bacteria living on or in our body
What is a microbiome?
the combined genetic material from bacteria in a microbiota
What is Metagenomics?
the study of a collection of DNA (the genome) from a microbiota
Microbiota and Human Health
Usually we think of germs as being bad, but the bacteria living on our skin or in our body can be beneficial or don't cause harm.
• Example: we have bacteria in our gut to help digestion. The bacteria have formed a mutualistic relationship with us.
• Studying microbiota is important because they can affect aspects of our health such as immunity or our weight.
https://truweight.in/blog/nutrition/pr obiotics-the-bacterial-army-to-thehealth-rescue.html Hypothesis:
Reasoning: The more you wash, the less bacteria you'll have in your belly button. The less bacteria, the more "food" available. The more food available, the less competition between types for nutrients. The less competition for nutrients, the more types of bacteria can thrive together.
People that wash more often will have more variety of bacteria in their belly button. 
Future Study
Take samples with measures from various types of washes, such as antibacterial soap, regular soap, wash with just water, how vigorously they washed, how long they washed, and how often.
Conclusion
According to the perimeters set by the hypothesis, it was supported by the data analyzed
Possible limitations
Model of findings and future research possibilities
